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IMPLEMENTATION OF A STRUCTURED TRAINING PROGRAM FOR 
RETROSPECTIVE VIDEO ANALYSIS OF PARKINSON’S DISEASE 
GABRIELLE M. EDEN 
ABSTRACT 
Introduction: Retrospective video analysis (RVA) has been a popular method of analysis 
in many research fields, evidenced by autism behavioral research, child play behavior, and 
caregiver-resident interactions (Baranek, 1999; Gilchrist et al., 2018; Gilmore-Bykovskyi, 
2015). Given the widespread use of RVA, the number of studies using it to augment their 
study designs provide sparse details about the training methods for this level of analysis, 
making it difficult to maintain a standard level of rigor across different institutions (Haidet, 
Tate, Divirgilio-Thomas, Kolanowski, & Happ, 2009).  
Methods: A structured training program was developed for naïve coders (n=5). The 
structured training program was composed of five stages with careful introduction of 
behaviors and regular checkpoints.  
Statistical Analysis: The output generated by the naïve trainees was analyzed with paired 
t-tests, Fisher’s Exact Test, ANOVA, percent agreement, and Cohen’s kappa.  
Results: No difference was found between the different trainees, demonstrating the 
trainees were trained to a similar level of expertise. The overall recognition of behaviors 
increased by 2.1% from the first to last training video analysis. Discrete behaviors had a 
higher level of agreement. 
Conclusions: The structured training program demonstrated a small increase in the 
recognition of behaviors, with a higher recognition in the derived MDS-UPDRS behaviors.  
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Parkinson’s Disease (PD) is the second most common neurodegenerative disease 
after Alzheimer’s disease, affecting about 1% of the over 60 years of age population (de 
Lau & Breteler, 2006). Millions worldwide are afflicted by the disease with little 
understanding behind the etiology of the disease; while some cases are hereditary, a large 
majority of cases are Idiopathic Parkinson’s Disease (IPD) or sporadic (Braak et al., 2003). 
PD is classified as a movement disorder, though other systems are affected as the disease 
progresses. Given the indeterminate cause behind the disease, researchers and clinicians 
have been investigating the symptoms of PD to determine the progression and, eventually, 
better characterize PD. The physical characteristics are best summarized by the acronym 
TRAP: Tremor, Rigidity, Akinesia (bradykinesia), and Postural Stability (Jankovic, 2008). 
As PD is classified as a movement disorder, the clinical evaluation is primarily based on 
the physical presentation of the patient (Goetz et al., 2008). 
Clinical Changes, Hypothesized Pathological Progression, and Methods of Treatment for 
Parkinson’s Disease 
As the disease progresses, the symptoms begin to display in greater severity and 
more rapidly (Braak et al., 2003; Jankovic, 2008). In their paper, Braak et al (2003) 
proposed a standard system of pathological staging based on brain lesions for idiopathic 
PD. The substantia nigra of the basal ganglia in the midbrain is a central area of the brain 
affected in the progression of the disease, with surrounding regions becoming affected as 
the disease advances (Braak et al., 2003). Distinctive and characteristic Lewy Bodies, 
protein aggregates in either spindly or globular form, are found in the brain tissue, allowing 
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a confirmation of diagnosis in a histological analysis (Braak et al., 2003). A major effect 
of the degeneration of the substantia nigra is the decrease in dopaminergic neurons, thereby 
decreasing the amount of the neurotransmitter dopamine. 
The main treatment given for PD is levodopa (L-dopa), a synthetic form of 
dopamine, and allows for amelioration of the patient’s fine motor control movements and 
overall mobility (Jankovic, 2008). While L-dopa mitigates some of the symptoms of PD, 
there are a number of drawbacks, including an increasing tolerance as a person continues 
taking L-dopa. There is limited knowledge on how to diminish the spread of the disease 
and a majority of the medication prescribed to aid those with PD acts as symptomatic 
treatment. Even with the wealth of information on the classical presentation of PD, it is 
limited to a clinical diagnosis based on the symptoms of the patient, as there is no current 
medical test to confirm a diagnosis during the patient’s lifetime (Hughes, Daniel, Kilford, 
& Lees, 1992). There is no early detection system in place for PD, as by the time the 
symptoms begin to obviously manifest, the disease has already been incubating for years 
and may be at an advanced stage (de Lau & Breteler, 2006). 
MDS-UPDRS: The Gold Standard 
  As performing a histological analysis is not possible with live patients, clinicians 
and investigators have been researching alternate methods to give a more accurate and 
earlier diagnosis of PD. The Movement Disorder Society – Unified Parkinson’s Disease 
Rating Scale (MDS-UPDRS) is considered the gold standard in the determination of a PD 
diagnosis (Goetz et al., 2008). Based upon a clinical examination of the patient, the MDS-
UPDRS assesses four different categories: non-Motor Aspects of Experiences of Daily 
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Living (nM-EDL), Motor Aspects of Experiences of Daily Living (M-EDL), Motor 
Examination (Motor Signs of PD), and Motor Complications (Goetz et al., 2008). The 
second category of the MDS-UPDRS is composed of a patient questionnaire, which 
augments the first category of the MDS-UPDRS. At the end of the third category, Motor 
Examination, a Hoehn and Yahr score, on a scale from 1 to 5, is given by the clinician as 
a representation of the physical disease state of the patient (Hoehn & Yahr, 1967).  
Another clinical assessment used is the Activities of Daily Living (ADL), a series 
of tasks assessing the patient’s ability to perform essential daily tasks, such as drinking or 
getting dressed. The main limitation of the ADL and MDS-UPDRS is the subjectivity of 
assessment, especially as the intensity of PD symptoms can vary, from tremors to akinesia, 
even within one assigned Hoehn and Yahr stage. The gold standard MDS-UPDRS remains 
somewhat subjective as accuracy depends upon the clinician’s years of experience and 
familiarity with the disease (Goetz et al., 2008).  
Retrospective Video Analysis 
 Video-recording of patients and/or subjects has been in common use for the past 40 
years, with a high prevalence in the fields of social sciences, nursing, and, recently, in the 
validation of wearable technology (Patel et al., 2009). The ready availability of video-
recording equipment has given researchers and clinicians another tool to evaluate patients. 
Clinicians have used retrospective video analysis to revisit and further focus on a specific 
action performed by their patient, such as counting the number of tics of a hand in a specific 
time interval (Sacks, 1990). The level of scrutiny possible with video recordings is greater 
than what is possible in real-time, given the ability to slow down the video to a frame by 
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frame analysis. Frames are similar to the slice acquisitions of MRI scans, as each frame is 
a snapshot of a specific point in time of a particular subject. The video is created by 
stringing individual frames together temporally. It is then possible to code the image for a 
specific action, such as walking (Fokkenrood et al., 2014). 
Researchers are able to focus on capturing and coding specific behaviors and 
actions instead of being distracted by extraneous noise. Conditions with repetitive actions 
lend themselves well to RVA; children with autism display a number of repetitive body 
movements, possible to be captured in video and coded for in later analysis (Baranek, 1999; 
Gilchrist et al., 2018). Other researchers have focused on recording a specific interaction, 
such as that of the caregiver and resident in a nursing home (Gilmore-Bykovskyi, 2015). 
For a retrospective video analysis to function efficiently and to obtain measurable results, 
a well-defined coding scheme is required to ensure consistency across individual coders. 
Using a delimited set of definitions allows for researchers to hone target behaviors of 
interest. PD can display repetitive or cued behaviors, such as tics of the hand, which lend 
themselves to RVA (Sacks, 1990). Such behaviors can occur both spontaneously and when 
cued by a clinician. In the MDS-UPDRS, patients are cued to perform a series of activities 
and actions during the Motor Examination (Part III of the MDS-UPDRS) for evaluation by 
the clinician (Goetz et al., 2008). 
The coding scheme can be built upon real-world actions and behaviors or upon an 
evaluation metric. Gold standard evaluation metrics are frequently used as the basis for a 
coding scheme. When radiologists are initially trained and assessed, they learn how to 
operate within the given evaluation metric. In a study conducted by Timmers et al. (2012), 
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the accepted Breast Imaging Reporting and Data Systems (BI-RADS) was used as the 
foundation for their assessment program. While the specific BI-RADS scale was an older 
version, it was still an accepted metric for assessing breast mammography (Timmers, Van 
Doorne-Nagtegaal, Verbeek, Den Heeten, & Broeders, 2012). A set method of evaluation 
is integral to the ability to generalize across a population when evaluating. 
While RVA is a consistently used method in nursing, radiology, and developmental 
psychology, there is a lack of detail in the training methods of the coders, upon which 
reliability of the application of a designed coding scheme is dependent on how the coders 
are trained. While the coding scheme can have well-characterized behaviors, unless there 
is a standard method of training, it is not possible to ensure the best application of the 
coding schema. The study conducted by Timmers et al (2012) describes a training program 
with designated checkpoints and a standard set of images all the trainees would be exposed 
to. The group incorporated an expert panel, from the beginning of the project, who 
established the accepted BI-RADS values of the images before the trainees commenced 
the program (Timmers et al., 2012). The trainees involved in the study, both new residents 
and established radiologists, went through a systematic training program with assessments 
after each phase of their training program. While the group did define their training 
program, they provided less detail about the specifics of the images the trainees were 
utilizing, along with the coding scheme having vague delineations between different 
scorings. Those involved in the training program, even if they were a new resident, were 
well-trained individuals in a specialized field. In a study by another Dutch group, they had 
created three different standardized sets of radiographs for the initial assessment, a training 
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set and a confidence assessment at the end of the training period (van Tubergen et al., 
2003). However, they differed in there was a larger time gap of three months between the 
training session and the final assessment (van Tubergen et al., 2003). A number of studies 
are dependent on highly trained individuals in specialized fields, especially in the field of 
movement analysis. 
Proposed Study 
There is a great deal of potential in using RVA to assess patients and/or research 
participants. A standardized methodology and coding schema are required for the 
retrospective video analysis to be successful. While the MDS-UPDRS is the gold standard 
for evaluating Parkinson’s Disease, it is highly dependent on the administrator of the exam 
and their level of experience (Hughes et al., 1992). Administrators are trained to a certain 
standard, but their evaluations are subjective to their experience (Sadler, Yamamoto, 
Khurana, & Dallabrida, 2017). Performing RVA allows for researchers and clinicians to 
revisit the subject of the video for further examination. Most RVA projects using coders 
have specialized individuals with previous training in the subject field; projects utilizing 
naïve coders require a set training program so the naïve coders correctly and accurately 
identify the target behaviors. This project employed a list of target behaviors, with one 
category derived from Part III of the MDS-UPDRS.  
Given the difficulty of recognizing target behaviors even with a group of highly 
trained, specialized individuals, a structured training program was required to ensure the 
ability of a new group of coders. The main hypothesis of the study was a structured training 
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program for naïve coders should increase inter-rater agreement on the recognition of 
designated behaviors in retrospective video analysis.  
In order to properly investigate the hypothesis, there were three aims of the 
proposed study: 
1. To determine if a structured training program increases the recognition of a 
set of specific behaviors.  
2. To assess on two levels if the trainees achieved the same level of training in 
their recognition of behaviors, firstly between raters and finally their 
agreement with the expert.  





Development of the Training Program 
The original goal of the creation of the training program was to determine the best 
method of how to train individuals to recognize characteristics of Parkinsonian behavior, 
within a given set of defined, targeted behaviors. Those who completed the program 
successfully would then go on to independently code in support of the overarching PD 
RVA project. Throughout the next section, the development and finalization of the training 
program is detailed. 
The Development of the DBCS 
The native ELAN software’s integral design of tiers and controlled vocabularies 
dictated the structure of the Definitions Based Coding Schema (DBCS); the ELAN 
software is described in the next section. Given the vast array of movement possible, a 
prescribed list of behaviors of interest was given as the starting point for developing the 
DBCS, with a focus on the postures and behaviors affected by PD. As the MDS-UPDRS 
is the gold standard for evaluating PD, an entire section of the DBCS was derived from 
Part 3 of the MDS-UPDRS (Goetz et al., 2008). The list of derived MDS-UPDRS behaviors 
was established as a controlled vocabulary for a specific tier, Cued Behaviors (See 
Appendix). Another mentioned evaluation, the ADLs, were incorporated into another 
controlled vocabulary within a distinct ADL tier (See Appendix). 
The literature was referenced in the generation of the definitions of movements 
such as walking and sit-to-stand (Duncan, Leddy, & Earhart, 2011). Movement behaviors 
were encapsulated in an individual tier referred to as Posture, Gait, and Transitions (PGT). 
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The literature also provided a basis for the determination of the start- and end-points of the 
target behaviors. Anatomical, recognizable landmarks were incorporated into the 
definitions from the initiation of the project. Two separate tiers were implemented for 
Twists and Turns, creating a distinct layer of analysis separate from the PGT tier. The 
reasoning for the distinct tiers was the continuous sampling nature of the PGT tier. The 
PGT tier operated under the assumption of a posture or transition existing at all times, with 
no time at which the subject of the video did not have a defined position in space. If the 
subject of the video was out of view, there was a given code value to assign to the block of 
time. Given this restriction of there being a continual posture, Twist and Turns required a 
separate tier as they can happen while the subject of the video is sitting, standing or 
walking. The final version of the DBCS was determined before the first phase of training 
and actual implementation of the project (Brooks et al., 2018; see Appendix).  
ELAN 
ELAN was chosen as the video coding software for the project before beginning 
development on the DBCS. Developed by the Max Planck Institute for Psycholinguistics, 
ELAN is a “multipurpose, multimodal annotation tool”, with extended purpose beyond the 
original designs for the software for audio annotation, expanding into the gestural and 
behavioral coding space (Sloetjes & Wittenburg, 2008). While part of the original 
development was specifically for audio and language processing and analysis, the software 
was designed to be capable of implementation in a variety of fields. The Max Planck 
Institute has researchers implementing the software for a project, called NEUROGES-
ELAN, which aims to set a standardized dictionary of gesture kinetics, gesture function 
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and bimanual relation (Lausberg & Sloetjes, 2009). The project has been used in other 
studies, demonstrating the utility of a consistent and unchanging dictionary of behaviors 
(Hogrefe, Rein, Skomroch, & Lausberg, 2016). The ELAN structure is based upon a 
system of tiers, or layers of analysis, containing assigned values or codes (Lausberg & 
Sloetjes, 2009).  
Each tier can be designated for a particular category of behaviors, normally to a set 
of related behaviors. Any number of tiers can be generated within the ELAN software 
based on degree of specificity desired by the designed project (Finlayson & Erjavec, 2016). 
Each tier can be created independently, or multiple tiers can be arranged into a hierarchy; 
organizing a set of tiers in a hierarchy creates a parent tier, with the remaining tiers as 
subordinate to this parent tier. The parent tier then restricts the codes possible in 
subordinate tiers, as codes can only be assigned when the parent tier is activated (Finlayson 
& Erjavec, 2017). Within the confines of the project, hierarchal tiers were decided against. 
Each tier was independent but not necessarily mutually exclusive, such as the SADL tier 
and the SADL assessment timeline. 
An inherent quality of each tier is the controlled vocabulary; each tier is limited to 
only one controlled vocabulary (Finlayson & Erjavec, 2017). The controlled vocabulary is 
a user-defined aspect of the software and can be edited to best suit the needs of the project. 
The same controlled vocabulary can be used for each tier or a different controlled 
vocabulary can be created for each tier. Once a tier and controlled vocabulary system is 
decided upon, the structure can be saved as a template and reused for any new file created 
in the ELAN software. The ability to edit and design a fixed template allows for a 
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controllable element in the training process. When operating within the ELAN framework, 
only one code value can be selected at any given time from the controlled vocabulary and 
no assigned values can overlap within one tier. The assigned codes in the program have an 
exact start and end time as a result of the boundaries set by ELAN, ascribing a specific 
action or behavior temporally.  
As the project and training operated on Macintosh computers (no singular version 
of Macintosh was used but the desktop version and the MacBook Pro were both used), the 
version used for the project and the training program was ELAN 5.0.0-beta for Macintosh 
OSX. The functionality of the program was assessed before the development of the DBCS 
during the first stage of piloting. An advantage of utilizing the ELAN software, besides 
being open-access, is the ability to upload both video and audio data into the program for 
analysis; up to four different video files can be uploaded into the software for analysis, 
allowing for excellent adaptation of the program for RVA from multiple angles.  
Preliminary Piloting & Training 
The described and enacted training program was based upon a preliminary pilot 
and trainings, before the enactment of the structured training program. From these training 
sessions, stumbling points were pinpointed to be targeted in the structured training 
program. The results of the previous piloting and training sessions are reported in Brooks 
et al. (2018). 
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Implementation of the Structured Training Program 
A structured training program was planned entirely before a new group of trainees 
was brought in to assist with the PD RVA project. The training program was constructed 
to be completed in 30-35 hours, or about two weeks at 15 hours a week. Prior to the 
selection of a set video sequence, it was decided to present the videos in increasing levels 
of complexity, difficulty, and length. A set sequence of videos, with no variation across 
trainees, was determined based on the considerations listed and the rationale behind each 
video choice is given in the subsequent section. The sequence of the videos was determined 
by the quantity and complexity of behaviors in the video; the number of behaviors 
increased in each subsequent video. 
Video Sequence Rationale 
As none of the trainees had previous experience either with video coding or PD 
symptomatology, the first video introduced them to PD symptoms and how the coding 
schema would be applied. The video was chosen as the first video in the sequence of 
training videos because of the obvious freezing behavior and characteristic Parkinsonian 
symptoms. The video is segmented into four fragments (Bloem et al., 2015); the first 
fragment displays the patient walking up and down a set distance and turning in the off-
state. Within the first fragment three distinct tasks are seen: the aforementioned walking, 
turning a full rotation in place, and walking and turning through a doorway. All three tasks 
occurred while the participant was in the off-state with their medication. The second and 
third fragments are still in the off-state but depict the utility of visual and auditory cuing in 
managing Parkinsonian symptoms. Both fragments displayed the participant walking the 
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same set distance as seen in the first task of the first segment. The fourth and final fragment 
of the video shows the patient performing the same three tasks seen in the first fragment 
but in the on-state of their medication. The lower number of behaviors in the Lancet video 
allowed for the trainees to familiarize themselves with one of the main tiers in ELAN: 
Posture, Gait, and Transitions (PGT). 
The next eight videos in the sequence were all video-recorded Timed Up and Go 
(TUG) task of PD participants enrolled in a previous study who had previously consented 
to the use of their recorded video for scientific purposes. The videos were all deidentified. 
The TUG task requires the participant to begin from a sitting position, preferably in a chair 
with no arms, and transition from sitting to standing without using their arms or hands. 
They then walked seven meters from their starting point, turn around (about 180°), walk 
back to the chair, and sit back down without using their arms or hands for support. Both 
front and side views of the participant were recorded, to determine more precisely the 
behavior exhibited. The video displayed key behaviors that would be seen in each video, 
especially the PGT behaviors. The video recordings also allowed for greater and more 
minute focus to be paid to the turns and twists by the participants. The given videos were 
shorter in length (Table 2), as part of the sequence of videos required a gradual increase in 
the length of the videos as the videos became more complex in the behavior exhibited.  
The next two videos in the sequence were more complex with the inclusion of the 
behaviors specific to the MDS-UPDRS. These videos were titled UPDRS1 and UPDRS2, 
designated as such only by the order in which they were presented to the trainees. Both 
videos exhibited the same behaviors in the same sequence. The videos were chosen as a 
 14 
typical representation of the sequence of behaviors to expect in the official videos, once 
the trainees had completed the training program. In each video, the head of the participant 
was not visible to the viewer, as the videos were restricted to the neck-down of the 
participant to ensure patient confidentiality. The videos began before the beginning of the 
administration of the MDS-UPDRS by a trained clinician. The clinician administered the 
entirety of the MDS-UPDRS and the majority of the activities were captured by the video 
recording. Occasionally behaviors occurred out of frame and allowed for the trainees to 
learn how to use the coding schema in less ideal situations. 
The final video in the training video sequence encompassed all the behaviors 
occurring in the previous videos with the addition of the Activities of Daily Living (ADLs). 
The ADLs had the following tasks: tying shoelaces; writing a sentence and in cursive; 
paper folding; picking up, putting on and removing a bracelet and a lanyard; opening, 
drinking from and pouring from a water bottle tasks; putting on and taking off a zip-up 
jacket and lab coat; door opening and closing; picking up, walking and placing a book and 
satchel on a table. The video showed a standard MDS-UPDRS sequence before the ADLs 
took place. In between the MDS-UPDRS and the ADLs, the participants were required to 
walk two set distances, for 2 minutes each. The first long walking, up and down the 
hallway, was used as MDS-UPDRS gait assessment. The video was presented last in the 
sequence as it was the most representative video of the official videos the trainees would 
be receiving, once they had completed their training.  
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Trainee Demographics 
 Four of the five trainees were recruited from BU’s undergraduate population. The 
fifth trainee had attained a bachelor’s degree. All trainees had been involved in the 
biological sciences and had no prior experience in RVA. Further demographic information 
is given in Table 1. The end objective of the structured training program was for the trainees 
to become official, independent coders capable of positively contributing to the 
overarching PD RVA coding project. 
Structured Training Program 
  There were five phases of training in the tested structured training program (Figure 
1). A standardized ELAN template was generated to create a standard method of RVA, 
which had a predetermined controlled vocabulary and tier structure, creating a specific 
point of comparison for later analysis. After each milestone was completed, a quantitative 
and qualitative assessment was performed upon the work completed by each of the trainees. 
The quantitative measurement throughout the progression of the program was a kappa 
statistic; the qualitative assessment was performed when preparing the ELAN data output 
for kappa statistical analysis. 
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Figure 1: Flow chart describing the structured training program with the 
incorporated milestones and progression of videos. The structured training program was 
Introduction to ELAN and Video Coding
•An ELAN training video was constructed by the 
Lab for Human Neurobiology, instructing trainees 
on how to use ELAN and correctly code a video.
Introduction and review of the coding schema 
developed by the Lab for Human Neurobiology
Parkinsonian Symptoms & Gait
•The Lancet generated video demonstrated the 
effect of "on" vs. "off" states on movement.
•The trainee file was compared to an expert and 
final version coded file using kappa agreement.
•Feedback and correction
Turns, Twists, & Transitions
•8 recorded Timed Up and Go videos were given to 
the trainees




•Two recorded clinician administered MDS-
UPDRS videos
•The expert file was compared to the trainee file 
using kappa analysis
All Behaviors
•One recorded full length video
•All the previously trained for behaviors were 
present with the addition of ADLs
Go/No Go: Final Expert Review & Kappa 
Agreement Analysis
Phase 1: Introduction to 
ELAN and Video Coding 
Phase 2: Parkinsonian 
Symptoms and Gait 
Phase 3: Transitions, Turns 
and Twists 
Phase 4: Cued Behaviors 
Phase 5: All Behaviors and 
SADLS 
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comprised of five phases, each focusing on a different level of difficulty. The above chart 
explains in what order the videos were presented and what phase the videos were a part of. 
The table also states when the kappa agreement statistics with the expert were calculated. 
All trainees completed all steps of the program, following the sequence described. The first 
phase of the training sequence focused on the introduction of the Retrospective Video 
Analysis (RVA) software, ELAN, and the Definitions Based Coding Schema (DBCS). 
Once they had completed both the introductory video and had reviewed the DBCS, the 
trainees continued into phase two, where characteristic Parkinsonian behaviors were 
introduced. Rather than introducing all the behaviors at once, they were progressively 
introduced, with the first being the Posture, Gait, and Transitions (PGT); the PGT tier was 
the most consistently seen of the categories of behaviors, consisting of stationary and 
dynamic behaviors. The PGT tier has behaviors such as standing, sitting, walking, sit-to-
stand and stand-to sit. The Lancet video “Freezing of Gait” was formally assessed by an 
expert before the trainees could continue onto the next phase of training (Bloem et al., 
2015). Feedback was provided about errors made and where trainees should focus their 
attentions. Phase three of the structured training program continued the emphasis of the 
PGT tier and introduced the Twists tier and Turns tier. Twists and Turns were in separate 
tiers, distinct from the PGT tier because of overlapping behaviors between the PGT tier 
and the Turns and Twists. Eight videos, depicting a Timed Up and Go assessment, were 
given for the second phase of training to allow for trainees to practice minute frame by 
frame analysis for the start and end times of Turns and Twists. The output files generated 
by the trainees was analyzed against the expert files both quantitatively, by a kappa 
statistic, and qualitatively, by looking at the output file. Once the trainees were provided 
feedback about errors and approved for continuation, they progressed to the fourth phase 
of the structured training program. Two videos comprised the fourth phase, and the fourth 
phase of the structured training program heralded the introduction of the Cued Behaviors, 
the derived behaviors from part three of the MDS-UPDRS (Goetz et al., 2008). These 
videos were longer temporally than the previous TUG videos and Lancet video. The 
previously trained for tiers, PGT, Turns, and Twists, remained prevalent in the new set of 
videos. The regular agreement assessment against the expert was conducted after each 
video for phase four. Once they had been approved to proceed, the trainees were given the 
final video in the training program sequence. The final video had all the tiers previously 
seen with the final addition of the Activities of Daily Living (ADL), such as zipping a 
jacket or tying shoes. The final video was longer than any of the previous videos and was 
the most realistic in relation to the official videos the trainees would observe once they had 
completed the program successfully. A final quantitative and qualitative evaluation was 
performed on the completion of the video; this was the go/no-go stage of the structured 
training program. Once the trainees had been approved, they would become independent 
coders; if they did not pass this checkpoint, trainees were sent for re-training. 
 
 18 
Defining the Expert 
 A single expert was chosen as the standard to which the trainees would be 
compared. The decision was made based on the chosen expert’s two years of RVA 
experience and familiarity with the demands of the PD RVA project. The expert had been 
trained in the project’s RVA procedures and had spent a significant number of hours 
coding. The expert coded all the training videos before any trainees were recruited to 
reduce bias and to create a standard for when the trainees had completed videos. 
Data Processing 
Downloading Data from ELAN 
Data was extracted from the ELAN software using the “export as tab-delimited 
text” option. It was possible to extract two individuals’ datasets into one text file, easing 
analysis and comparison. When extracting the file, the tiers of interest were selected; in 
this study, all tiers were extracted for analysis. The time format of the extracted data was 
in ss.ms rather than mm:ss.ms, so as to apply the Excel formula more easily. Each of the 
trainee files were extracted in conjunction with the expert file to allow for the analysis of 
their accuracy and sensitivity.   
Excel Data Processing – Matching 
Once the data had been extracted from the native ELAN software, the generated 
text file was opened in Excel. Using the sort and filter function of Excel, the code values 
were sorted by the tier, then the start time of each code value. This was done on the 
extracted data as a whole, sorting as one unit the trainee data and the expert data. As no 
overlap was possible between coded values, the values should line up sequentially in their 
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respective tiers. Once the data had been sorted according to code value and start time, the 
code values were separated into pairs when applicable or stand-alone codes when only one 
person had coded for an action. An Excel equation was applied to the separated and 
organized data set to determine the difference in start time, end time, duration, and code 
value. If a time difference of greater than 0.334 was noted or a difference in code value, 
the discrepancies were flagged for attention. This provided the basis for the qualitative 
assessment of the trainee’s performance. 
Data Analysis & Statistical Methods 
Global and Cued Behaviors Kappa Statistic 
Providing feedback to the trainees was the primary concern as they progressed 
through the training program. A previous analysis script developed by a research assistant 
with a Master’s in Medical Sciences, was used to calculate a kappa statistic for preliminary 
agreement (Brooks et al., 2018). The global kappa statistic had four variables on which to 
assess agreement: difference in start time, end time, duration of the behavior and the value 
of the trainee/expert identified behavior. The global kappa statistic incorporated all 
possible behaviors identified in its analysis. A small margin of error was given when 
scripting the kappa statistic for the time dependent variables, 10 frames or ±0.334 seconds, 
to determine the agreement between the expert and the trainee. Absolute agreement was 
required for the identified behavior value in the scripted equation. Prior to beginning the 
experiment, the trainees were told they would need to attain a kappa statistic of 0.80 before 
being able to commence independent coding and contribute to the PD RVA project. The 
preliminary overall kappa statistics were restricted to providing feedback during the 
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structured training program. The second in-training kappa statistic calculated was restricted 
to Cued Behaviors. The Cued Behavior category was of high priority in sensitivity training, 
as it was specific to the MDS-UPDRS derived behaviors. Edits were made to the pre-
designed kappa statistic to analyze solely the Cued Behaviors. When evaluating the trainees 
with the calculated global and Cued Behavior kappa statistic, they were compared to the 
expert. No comparisons were made between the trainees during the structured training 
program. 
Other Statistical Assessments 
Descriptive statistics were calculated for the number of behaviors identified by the 
trainees for each video (Table 3). An Analysis of Variance (ANOVA) was calculated to 
determine the inter-rater variability across all videos, including only those behaviors 
identified by all the trainees using the durations of the commonly identified behaviors. A 
paired t-test was calculated for the first video in the training sequence, the last video in the 
training sequence and for the combination of the first and last training video. The paired t-
test were calculated using the durations of the commonly identified behaviors from the first 
and last video of the training sequence. The individual trainee’s kappa scores for each video 
were plotted temporally and an R2 value was calculated to determine the temporal 
relationship of the kappa scores (Figure 5-9). A percent agreement analysis was conducted 
using the first and last video’s identified behaviors. Only those behaviors agreeing with the 
expert or where the trainee missed a behavior were used for analysis. The percent 
agreement was used to calculate the level of agreement among the trainees after being 
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compared with the expert. Finally, a Fisher’s Exact Test was performed on behaviors from 




Trainee and Video Demographics 
 
Table 1: Trainee Demographics before the commencement of the structured training 
program.  The table provides detail on the background of the recruited trainees 
participating in the structured training program. Four of the five trainees provided the 






Area of Study Previous Experience 
Hours in 
Training Gender 
CL 21 Some college 
Biology with 
specialization in cell, 
molecular, and genetics 
None 45 F 
GO 18 Some college 
Biochemistry/Molecular 
biology None 45 M 
HH 18 Some college Biology None NA F 
MP 20 Some college Human Physiology None 45 F 
RK 30 Bachelors (BS) Biology None 20 M 
 
The trainees recruited into the training program were surveyed to determine their level of 
experience and education; their responses are displayed in Table 1. Three of the five 
trainees were female; four of the five trainees responded, providing their information about 
age, highest level of education attained, field of study, previous video coding experience, 
sex and hours spent in training. Of the four responders, none of them had previous video 
coding experience and all were in the field of health sciences. Trainees reported a range of 
20-45 hours spent in training. 
  
 23 
Table 2: Descriptive characteristics of the 12 videos used in the structured training 
program. The table displays the length of time of each training video, the recording device 
used, and the frame rate of the video. In the first column, each of the training videos are 
listed in the sequence in which they were presented to the trainees by level of difficulty 
and video content. All videos were filmed either on an Apple iPad or a Microsoft Kinect 
Camera. The videos ranged in length from the 21-second long initial training video, which 
was not formally assessed and was meant to familiarize trainees with the workings of 
ELAN, to the 44-minute video containing all code values. The frame rate for the videos 
was 30 frames per second (fps), except for the open-access Lancet video taken from the 
Bloem et al. (2015) paper. The Timed Up and Go (TUG), primary UPDRS, and Full-length 
video were filmed in a laboratory on consenting participants. The TUG video sequence 
comprises of a subject sitting in a chair, standing up and then walking 7M away from the 
chair before turning and returning to the chair, reseating themselves at the completion of 
the task. The UPDRS videos followed the standard protocol sequence observed during 
administration of the MDS-UPDRS and were filmed using an x generation Apple iPad. The 
Full-length video included a variety of tasks, but the tasks of concern in the video were the 
MDS-UPDRS, the five times Sit-to-Stand, and the Scripted Activities of Daily Living 
(SADLs). The TUG and Full-length videos were recorded using a Microsoft Kinect 
camera.  
  
Type of Camera Length (mm:ss.ms) fps 
Initial Training iPad 00:21.876 30 
Lancet N/A 02:31.485 25 
TUG1_F Microsoft Kinect 00:43.433 30 
TUG1_S Microsoft Kinect 00:48.600 30 
TUG2_F Microsoft Kinect 00:18.100 30 
TUG2_S Microsoft Kinect 00:25.133 30 
TUG3_F Microsoft Kinect 00:25.066 30 
TUG3_S Microsoft Kinect 00:38.633 30 
TUG4_F Microsoft Kinect 00:49.900 30 
TUG4_S Microsoft Kinect 00:47.333 30 
UPDRS1 iPad 07:33.360 30 
UPDRS2 iPad 07:57.310 30 
Full Length Microsoft Kinect 43:52.533 30 
 
For the structured training program, 12 videos were selected. All five of the trainees 
described in Table 1 completed all the videos exhibited in Table 2. The videos ranged from 
18 seconds to 44 minutes in length and were recorded either on an iPad or a Microsoft 
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Kinect Camera. All the TUG videos and the UPDRS videos were recorded in the laboratory 
space, as stated in the Video Sequence Rationale. Table 3 displays the expected number of 
behaviors in each video and the observed mean and median number of behaviors across all 
trainees. The standard deviation and interquartile range (IQR) were calculated respectively. 
Recognition of Behaviors Occurring by Trainees 
Table 3: The mean, standard deviation, median, and IQR of coded behaviors across 
trainee videos compared against the number of expected coded behaviors. For each 
video, the expected number of behaviors, across all tiers, reflects the number of behaviors 
identified by the expert. The expected number of behaviors was reflective of the gold 
standard when comparing the number accounted for by the trainees versus the expert. For 
the trainees, the total number of behaviors per video were averaged to obtain a mean 
number of behaviors identified by all trainees; the standard deviation was calculated, with 
a small standard deviation seen for the Timed Up and Go videos. The Full-length video 
had the largest standard deviation. The median and interquartile range (IQR) were 
calculated for the number of coded behaviors per video by all trainees. The median and 
mean calculated are not different and are close in value. The IQR and the standard deviation 
showed the greatest difference in value for the Full-length video.  
 
Videos Expected Number of Behaviors 
Mean (SD) of Trainee 
identified Behaviors Median (IQR) 
Initial Training 5 NA  
Lancet 31 28.2 (5.675) 28 (7) 
TUG1_F 8 7.8 (1.304) 7 (1) 
TUG1_S 10 8.6 (0.894) 8 (1) 
TUG2_F 6 5.2 (0.0837) 5 (1) 
TUG2_S 8 6.4 (0.548) 6 (1) 
TUG3_F 10 8.6 (1.517) 8 (1) 
TUG3_S 11 9.4 (1.517) 9 (3) 
TUG4_F 5 4.4 (0.548) 4 (1) 
TUG4_S 9 8.4 (0.548) 8 (1) 
UPDRS1 52 47.6 (6.025) 45 (6) 
UPDRS2 60 49.2 (6.496) 49 (6) 





Figure 2: Global kappa and Cued Behavior kappa statistics across all 12 training 
videos of the structured training program for trainee CL. The global kappa statistic 
was plotted against the temporal sequence of the 12 training videos. A Cued Behavior-
specific kappa was calculated for the last three videos, those with the MDS-UPDRS part 
three derived behaviors. An R2 value was calculated for both the global kappa (R2=0.0474) 
and cued behavior kappa (R2=0.0365) statistics. 
 
 
Figure 3: Global kappa and Cued Behavior kappa statistics across all 12 training 
videos of the structured training program for trainee GO. The global kappa statistic 
was plotted against the temporal sequence of the 12 training videos. A Cued Behavior-
specific kappa was calculated for the last three videos, those with the MDS-UPDRS part 
three derived behaviors. An R2 value was calculated for both the global kappa (R2=0.0129) 














































Figure 4: Global kappa and Cued Behavior kappa statistics across all 12 training 
videos of the structured training program for trainee HH. The global kappa statistic 
was plotted against the temporal sequence of the 12 training videos. A Cued Behavior-
specific kappa was calculated for the last three videos, those with the MDS-UPDRS part 
three derived behaviors. An R2 value was calculated for both the global kappa (R2=0.0011) 
and cued behavior kappa (R2= 2 x 10-27) statistics. 
 
 
Figure 5: Global kappa and Cued Behavior kappa statistics across all 12 training 
videos of the structured training program for trainee MP. The global kappa statistic 
was plotted against the temporal sequence of the 12 training videos. A Cued Behavior-
specific kappa was calculated for the last three videos, those with the MDS-UPDRS part 
three derived behaviors. An R2 value was calculated for both the global kappa (R2=0.0724) 













































Figure 6: Global kappa and Cued Behavior kappa statistics across all 12 training 
videos of the structured training program for trainee RK. The global kappa statistic 
was plotted against the temporal sequence of the 12 training videos. A Cued Behavior-
specific kappa was calculated for the last three videos, those with the MDS-UPDRS part 
three derived behaviors. An R2 value was calculated for both the global kappa (R2=0.0068) 

























Comparison of Individual Trainees to the Expert 
Table 4: Global kappa statistics for the twelve videos in the structured training 
program for agreement between the trainee and the expert. A global kappa was 
calculated as a measure of agreement and as the formal quantitative assessment during the 
progression of the training program. As there were twelve videos in the program, each 
trainee had twelve global kappa scores at the termination of the training program. They 
were all compared against the expert in the kappa analysis, as the expert’s file was defined 
as the gold standard for the purposes of the training program. The highest kappa score was 
1.000 for the TUG4_F video by trainee CL. 
 
 CL GO HH MP RK 
Lancet 0.1704 0.1632 0.1562 0.1399 0.1704 
TUG1_F 0.3966 0.4922 0.6994 0.1843 0.3813 
TUG1_S 0.4146 0.5082 0.5569 0.4671 0.5569 
TUG2_F 0.5294 0.2793 0.4403 0.2105 0.5455 
TUG2_S 0.6667 0.8293 0.5743 0.8293 0.5743 
TUG3_F 0.2967 0.4167 0.3846 0.1000 0.4167 
TUG3_S 0.3736 0.3736 0.5980 0.5827 0.5980 
TUG4_F 1.0000 0.6923 0.6923 0.3239 0.6923 
TUG4_S 0.4083 0.7398 0.4037 0.2889 0.5540 
UPDRS1 0.5063 0.3908 0.4613 0.4115 0.4579 
UPDRS2 0.5395 0.4619 0.5589 0.5656 0.3814 





Figure 7: Global kappa for each trainee on the first and last training video in the 
structured training program sequence. The global kappa scores for the Lancet (blue) 
and for the Full-Length video (orange) were plotted by each trainee. The Lancet video 
displayed key characteristics of Parkinson’s Disease, especially in regards to gait (Bloem 
et al., 2015). The final video in the training video sequence was the Full-length video with 
Posture, Gait, and Transitions, Twists, Turns, Cued Behaviors, and ADLs coded for. The 
Full-length global kappa scores were greater than the global kappa scores for the Lancet 
video for all trainees. 
 
Table 5: Paired T-test comparing each trainee to the expert for the agreed upon 
behaviors across the trainees for the first training video. For the five trainees, the total 
output list of identified behaviors was cross-checked before extracting the consistently 
identified behaviors across all five output files. The durations for each behavior were 
recorded and compiled. The list of identified behaviors and durations was then compared 
against the expert’s output file for the Lancet video. No other behaviors were excluded 
from analysis. The expert’s duration for the correctly identified, agreed upon behaviors 
was then used for comparison against the durations for each trainee by a paired t-test. None 
of the trainees showed difference between their durations and the expert’s durations.  
 
Trainee Number of 
Behaviors 
df T-score 95% CI p-value 
CL 7 6 0.292 [-1.685,2.141] 0.780 
GO 7 6 1.236 [-0.201,0.613] 0.263 
HH 7 6 1.407 [-2.835,10.505] 0.209 
MP 7 6 -0.022 [-0.848,0.832] 0.983 




















Table 6: Paired T-test comparing each trainee to the expert for the agreed upon 
behaviors across the trainees for the last training video. For the five trainees, the total 
output list of identified behaviors was cross-checked for the final video. They had 191 
agreed upon identified behaviors and the durations of each identified behavior was 
recorded. The 191 agreed upon behaviors between the trainees were taken from all tiers 
possible, no tier was excluded unless no codes had been made in the respective tier. The 
durations for each agreed upon behavior were recorded and compiled. The compiled 
durations were compared against the expert’s output file for the Full-length video. No other 
behaviors were excluded after the expert comparison for the paired T-test. Only one trainee 
(GO) showed a difference when compared to the expert’s duration times. The remainder 
of the trainees showed no statistically significant difference between their durations for 
identified behaviors and the expert’s durations for the same identified behaviors. 
 
Trainee Number of 
Behaviors 
df T-score 95% CI p-value 
CL 191 190 -0.862 [-4.013,1.572] 0.390 
GO 191 190 -2.668 [-2.640,-0.396] 0.008* 
HH 191 190 -0.341 [-1.074,0.757] 0.733 
MP 191 190 -1.096 [-10.044,2.870] 0.275 
RK 191 190 -1.094 [-10.071,2.887] 0.275 
 
Table 7: Paired T-test comparing each trainee to the expert for agreed upon behaviors across 
all trainees for the first and last training videos. For all five trainees, the agreed upon identified 
behaviors’ durations in the first video (Lancet) and the last video (Full-length) were compared to 
the expert for those same identified behaviors using a paired t-test. The same identified behaviors 
as in the ANOVA were chosen. Each trainee’s identified behavior was compared to the expert for 
the expected identified behaviors using the durations of each behavior. Only one trainee (GO) 
exhibited a difference; the remainder of the trainees showed no difference in their durations when 
compared to the expert. 
 
Trainee Number of Behaviors df 95% CI p-value 
CL 198 197 [-3.863,1.523] 0.393 
GO 198 197 [-2.540,-0.374] 0.009* 
HH 198 197 [-0.924,0.889] 0.970 
MP 198 197 [-9.687,2.767] 0.274 
RK 198 197 [-9.684,2.814] 0.280 
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Variance among the Trainees 
Table 8: ANOVA of all agreed upon identified behaviors in all 12 training videos for 
all trainees. The five datasets generated by the trainees for each video were compared to 
one another. In the comparison, the number of behaviors agreed, by coded value and by 
start time, upon by all trainees as occurring in the video were documented. The coded 
values were compared across all trainees by conducting an Analysis of Variance (ANOVA) 
using SPSS. The trainees, across all 12 videos, agreed upon 302 identified behaviors. In 
the between-group comparison, none of the trainees showed any difference. There was 
little variance between the five trainees.  The ANOVA assessed all identified behaviors 
across all tiers; the decision to include or exclude rested solely on if they agreed a behavior 
was present at a given point in time and they agreed on the identified behavior. 
 
Trainee Number of Behaviors df F-statistic p-value 
CL 302 301 0.277 0.990 
GO 302 301 0.265 0.991 
HH 302 301 0.321 0.981 
MP 302 301 0.244 0.994 
RK 302 301 0.242 0.994 
 
Table 9: Percent Agreement among the Trainees for the Lancet and the Full-length 
Video. Five datasets were generated by the trainees for the Lancet video and another five 
datasets were generated by the trainees for the Full-length video. Only identified behaviors 
by the trainees and the expert were kept for analysis, along with the instances in which the 
trainees did not identify a behavior but was identified by the expert. For each individual 
behavior, a percent agreement was calculated. The percent agreement per tier was 
calculated for the tiers present in the final output file. Only turns and twists could be 
evaluated as individual tiers for the Lancet video. The Full-length video had all of the 
possible assessed tier. There was a 2.1 % increase in overall agreement from the first to the 
last video. The percent agreement increased marginally for the turns and PGT tiers 
common between the two videos. The tiers with the highest levels of agreement were the 
Cued Behaviors, SADL, and SADL Timeline tiers. 
 
Tier Lancet Video Agreement 
(%) 
Full-Length Video Agreement 
(%) 
Turns 73.3 75.7 
Twists NA 32.5 
PGT 63.6 64.2 
Cued Behaviors NA 93.1 
SADL NA 85.6 
Assessment Timeline NA 60.0 
SADL Timeline NA 98.6 
Overall Percent Agreement 66.5 68.6 
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Analysis of Inter-behavioral Variability 
 
 
Figure 7: Combined Bar graph for calculated kappa for the last three training videos 
in the sequence, presented top-down as UPDRS1, UPDRS2, and Full-length. The three 
figures above represent the global and cued behavior kappa calculated for the last three 
videos across all five trainees. For all videos the cued behavior kappa was greater than the 
global kappa. The cued behavior kappa was calculated based on the specified, physical 
tasks of the MDS-UPDRS, i.e. finger tapping, postural stability, kinetic tremor. The global 
kappa was calculated based on all behaviors in the video. Both kappa statistics were 
calculated based on the trainee versus the expert to determine their level of agreement with 
the study’s gold standard. An R-squared value was determined for the relationship between 
all trainee’s global and cued behavior kappa statistics for the last three videos (UPDRS1 
R2= 0.00008, UPDRS2 R2=0.872, Full-length R2=0.7607). Strong correlations were seen 
amongst all trainees across the last three videos. 
0.5063
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Table 10: Fisher’s Exact Test of selected Posture, Gait, and Transition behaviors 
across all twelve videos of the structured training program. The Posture, Gait, and 
Transitions (PGT) tier was present in all videos of the structured training program. The 
PGT tier was a continuously coded tier as it was assumed the subjects of the video had a 
position in space at all times, i.e. walking or sitting. The data output from the trainees was 
divided into two groups, the first six videos and the last six videos. Within these groups the 
number of correctly and incorrectly identified behaviors by the trainees were counted into 
one of the two categories. The count was done for individual selected behaviors: sitting, 
walking 1-3 steps, walking 4-9 steps, sit-to-stand, and standing two feet. Using Fisher’s 
Exact Test, each individual behavior was analyzed. Both sitting and standing, two feet 
showed a difference, whereas the walking behaviors and sit-to-stand transition displayed 
no difference.  
 







Sitting 170 41 <0.001 
Walking, 1-3 Steps 42 115 0.110 
Walking, 4-9 Steps 71 53 0.419 
Sit-to-Stand 104 6 0.334 





The training program was completed by all the trainees; none of the trainees had 
previous experience (Table 1), allowing for comparison between the trainees. The videos 
utilized in the structured training program are characterized in Table 2. There was no loss 
of data from any of the trainee files during any stage of the program. The expert had coded 
all the videos in the structured training program prior to the arrival of the trainees and their 
initiation into the training program; these output files were considered the gold standard. 
As the expert coded each training video prior to the trainees commencing the program, 
there was a set number of behaviors the trainees were expected to identify throughout the 
course of the program. For the first nine videos of the program, the trainees displayed little 
variation from the prescribed number of behaviors (Table 3); nevertheless, starting with 
the UPDRS videos, the average number identified by the trainees and the expected number 
identified by the expert began to have a larger difference, culminating in a noted 
discrepancy in total identified behaviors with the final video (Table 3). The videos did 
increase in length and complexity of behaviors as the trainees progressed through the 
training program; however, despite exposure to a training program which accounted for the 
increasing complexity of behavior, the number of behaviors identified by the trainees 
decreased or stagnated, indicating completion of the program did not necessarily increase 
collective recognition of behaviors. 
The global kappa statistic was used as an interim analysis of the trainee’s level in 
correctly recognizing and identifying behaviors by utilizing the output generated by the 
expert files. As described in the Global and Cued Behaviors Kappa Statistic section, the 
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kappa statistic had a small margin for error based on the assigned start and end time for the 
designated behaviors and no margin of error given for mis-identified behaviors. The 
individual trainee’s global kappa statistic did not demonstrate an increase in agreement 
with the expert across the structured training program for all behaviors. Trainee MP 
showed the greatest increase in global kappa score across the training program, the R2 value 
was 0.0724 (Figure 8), a negligible association. 
Assuming successful completion of the program, the global kappa statistic for each 
trainee rarely attained this level with only three global kappa statistics above 0.75 (CL 
TUG4_F, GO TUG2_S, MP TUG2_S). When compared between the first and last video 
of the training video sequence, the level of agreement between the trainee’s and the expert’s 
file improved, going from a negligible agreement to a fair level of agreement, based on the 
accepted -1 to +1 scale (Landis & Koch, 1977). The trainees were not compared against 
each other using the global kappa statistic as the main purpose of the calculation was to 
determine their level of agreement with the expert. 
As a secondary measure to determine the trainee’s proficiency level, a paired t-test 
was conducted upon those correctly identified behaviors for the first and last videos in the 
training video sequence. The paired t-test showed no significant difference (Table 5) 
between the trainees and the expert for the Lancet video (Bloem et al., 2015). For the last 
video, no significance was expected, assuming the trainees had reached a level of expertise 
similar or approaching the level of the expert. Only one trainee (GO) demonstrated a 
significant difference (p = 0.008) in their coded values in the final video from the expert’s 
values (Table 6). When the results were seen from the paired T-test for the combined the 
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behaviors from the first training video and the last training video in the sequence, the same 
trainee (GO) displayed a significant difference (p=0.009) in between their coded values in 
the final video and the expert’s values (Table 7). The other trainees demonstrated no 
significant difference between their identified behaviors and the experts (Table 7).  
Between the first and last video, there was an imbalance of the total number of 
identified behaviors, with a difference of 184 identified behaviors for analysis. This 
potentially skewed the analysis in respect to the first video as it had fewer behaviors. The 
difference in behaviors could have falsely inflated the lack of significant difference 
between the trainees for the first video. The analysis was also based upon a heavily 
groomed dataset, which only accounted for the behaviors the trainees and the expert 
identified. 
Given the small standard deviation in relation to the number of behaviors identified, 
an ANOVA was performed to determine the level of variance between the trainees. All of 
the trainees had a calculated p-value of above 0.9, indicating they had all been trained to a 
similar level and, as a group, were apt to recognize and identify the behavior occurring in 
the video (Table 8). While the trainees displayed little variance amongst themselves, the 
ANOVA was based on the behaviors they had all identified, not accounting for behaviors 
they failed to recognize. The expert’s file was used as the basis to remove additional 
behaviors the trainees had added. Percent agreement was calculated to account for the null 
values, where the trainees had missed expected behaviors. The overall percent agreement 
only improved by 2.1 percent from the Lancet video to the Full-Length video. Only two 
tiers were present in both the first and last video of the training vide sequence: Turns and 
 37 
PGT (Table 9). Both the tiers only showed an improvement of 2 percent between the Lancet 
and Full-length video, indicating if training had any effect upon an increase in the 
recognition of these discrete behaviors, it was minor (Table 9). However, the percent 
agreement for both of these tiers could be skewed by the larger expected number of 
behaviors for the Full-Length video (Table 3). There was a high percentage agreement 
calculated for the Cued Behaviors, SADL, and SADL Assessment Timeline. The higher 
percentage agreement could be a result of better characterization of the target behaviors in 
the coding schema or by better training for the recognition of these target behaviors. As 
these target behaviors were not present in the first video, an improvement from the 
beginning to end of the training program could not be analyzed.  
A secondary kappa statistic, termed the cued behavior kappa statistic, was 
calculated for the last three videos in the training video sequence to determine if the level 
of agreement increased with a smaller category of discrete behaviors. For all trainees, the 
cued behavior kappa statistic was higher than any of their global kappa statistics for the 
respective videos (Figures 3-7). This group of behaviors were derived from the MDS-
UPDRS and were well-characterized tasks. Looking at the last three videos (UPDRS1, 
UPDRS2, and Full-length), the cued behavior kappa statistic was higher for the UPDRS 
videos than the Full-Length video (Figure 7). The presence of additional assessments in 
the Full-length video may have caused confusion about specific behaviors, such as when 
the gait assessment started. When compared to the results of the Fisher’s Exact Test for 
behaviors from PGT, the cued behaviors are noticeably more recognized than the PGT 
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behaviors (Table 10). Those behaviors used for the Fisher’s Exact test demonstrate that 
transitions were well-defined and recognized by the trainees. 
An advantage of the designed structured training program was the combination of 
the three different learning styles discussed in Sadler et al. (2017), with didactic, practical 
and applied training material combined with registered checkpoints for evaluation. The 
trainees who participated in the program demonstrated a higher degree of recognition for 
discrete behaviors but a moderate overall agreement when measured by kappa or by percent 
agreement. 
Limitations 
While a global kappa functioned as a basic analysis of agreement, it was not the 
best possible measure of agreement. A qualitative analysis was needed as the kappa statistic 
only communicated the level of agreement between two individuals, not where they 
disagreed. While the ANOVA showed no difference between the trainees, the high p-value 
could have been a result of the narrowing of behaviors to be analyzed. While this prevented 
the issue of using null values, it could have falsely inflated the lack of difference among 
the trainees. This was accounted for by the percent agreement analysis. Kappa is the most 
commonly used agreement statistic for the type of data produced by the training program 
(Bakeman, Quera, & Gnisci, 2009). Alternative methods to analyze the agreement would 
be to use further percent agreement or intra-class correlations.  
The expert for the study was a singular individual, versus a team of experts. The 
radiologist training program with BI-RADs had a panel of experts making a collective 
decision about the content of an image prior to the trainees beginning the training program, 
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similar to the sacroiliitis study (Timmers et al., 2012; van Tubergen et al., 2003). This 
provides a potentially less biased view as it is a consensus decision versus the one expert 
utilized in the described training program. The standard in these studies holds up better 
under scrutiny. As there was no comparison group for the experimental condition, it could 
not be determined if the structured training program had an impact on the trainees versus 
if they had no training at all.  
An additional step of analysis should have been to compare the first and last video, 
beyond the paired t-test. Another alternative to assess the level of training the trainees 
received would be for them to revisit the first video after completion of the training 
program. After they re-code the video, the output files generated could be compared to 
determine if they were better able to recognize behaviors they previously missed or mis-
identified.  
Both the SADL and Cued Behavior target behaviors were based upon standardized 
assessments, with clear tasks (see Appendix). The established characterization of these 
behaviors might have led to more robust definition and easier recognition when they were 
occurring. The behaviors were also discrete events versus continuous. In studies using an 
ordinal scale of assessment when coding an image or video, it potentially removes some of 
the disagreement coming from identifying specific behaviors (van Tubergen et al., 2003). 
Future Directions 
 The DBCS was an integral part of the development of the structured training 
program. Certain aspects of how it was translated into the coding software impacted the 
interpretation and application of the definitions, especially with the PGT tier. Kappa would 
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still be a valid measure of coder agreement, but two different kappa values would need to 
be computed to properly account for the sequential time-based coding versus the event-
based coding (Bakeman et al., 2009). Percent agreement provides a smaller level of 
analysis but may not be possible with larger sets of data. To increase the level of agreement 
for tiers with poorly recognized behaviors, i.e. PGT or Twists, frequency counts as the 
behavior occurs has potential in the detection and identification of those behaviors. Rather 
than treating the tier as a continuous analysis, frequency counts of the target actions could 
potentially remove the error associated with pinpointing an exact duration of the identified 
behavior, especially for tiers with poor agreement such as PGT or Twists (Haidet et al., 
2009). The length of the video may have a factor in the level of disagreement as there were 
a high number of identified behaviors in the last video. Cutting the video into segments 
could reduce coder fatigue (Haidet et al., 2009). Changing the definitions would allow the 
robustness of the definitions to be tested. If there is no change in the recognition of 
behaviors with a change in the definitions, it could be hypothesized the training was 
insufficient for the level of detail required by the project. The addition of a control group 
would allow for the impact of the structured training program to measured, allowing for 




All materials come from Brooks et al. (2018) 
 
“Clinician” refers to the person directly administering and guiding the Subject through 
the assessments. The Clinician is not face masked. 
 
“Subject” refers to the person undergoing the assessments and wearing the wearable 
sensors. The Subject’s face is masked. 
 
 
Scripted Motor Tasks 
 
Rigidity, Neck – The Clinician manually articulates Subject’s neck. 
- Initiation Frame: First visible movement of the neck or head clearly caused by the 
Clinician through physical contact, including when the point of contact is out of 
view. 
- Termination Frame: Last visible movement of the neck or head clearly caused by 
the Clinician, or when the Clinician is no longer touching Subject’s head and 
neck, whichever comes first. 
- MDS-UPDRS Instruction Criteria: Subject in relaxed position, Clinician slowly 
manipulates major Neck joints, Subject allows passive movement of neck. 
- MDS-UPDRS Rating Criteria: Rigidity (w/o Activation Maneuver), Rigidity (w/ 
Activation Maneuver), Range of Motion, Difficulty of Achieving Range of 
Motion 
 
Rigidity, Right Upper Limb – The Clinician manually articulates Subject's joints on 
their right upper limb. 
- Initiation Frame: First visible movement of the right upper limb clearly caused by 
the Clinician through physical contact, including when the point of contact is out 
of view. 
- Termination Frame: Last visible movement of the right upper limb clearly caused 
by the Clinician, or when the Clinician is no longer touching Subject’s right upper 
limb, whichever comes first. 
- MDS-UPDRS Instruction Criteria: Subject in relaxed position, Clinician slowly 
manipulates Right Wrist and Elbow joints, Clinician does not manipulate other 
limbs or neck, Subject allows passive movement of RUE, [Subject performs 
Activation Maneuver] 
- MDS-UPDRS Rating Criteria: Rigidity (w/o Activation Maneuver), Rigidity (w/ 




Rigidity, Left Upper Limb – The Clinician manually articulates Subject's joints on their 
left upper limb. 
- Initiation Frame: First visible movement of the left upper limb clearly caused by 
the Clinician through physical contact, including when the point of contact is out 
of view. 
- Termination Frame: Last visible movement of the left upper limb clearly caused 
by the Clinician, or when the Clinician is no longer touching Subject’s left upper 
limb, whichever comes first. 
- MDS-UPDRS Instruction Criteria: Subject in relaxed position, Clinician slowly 
manipulates Left Wrist and Elbow joints, Clinician does not manipulate other 
limbs or neck Subject allows passive movement of LUE, [Subject performs 
Activation Maneuver] 
- MDS-UPDRS Rating Criteria: Rigidity (w/o Activation Maneuver), Rigidity (w/ 
Activation Maneuver), Range of Motion, Difficulty of Achieving Range of 
Motion 
 
Rigidity, Right Lower Limb – The Clinician manually articulates Subject’s joints on 
their right lower limb. 
- Initiation Frame: First visible movement of the right lower limb clearly caused by 
the Clinician through physical contact, including when the point of contact is out 
of view. 
- Termination Frame: Last visible movement of the right lower limb clearly caused 
by the Clinician, or when the Clinician is no longer touching Subject’s right lower 
limb, whichever comes first. 
- MDS-UPDRS Instruction Criteria: Subject in relaxed position, Clinician slowly 
manipulates Right Hip and Knee joints, Clinician does not manipulate other limbs 
or neck, Subject allows passive movement of RLE, [Subject performs Activation 
Maneuver] 
- MDS-UPDRS Rating Criteria: Rigidity (w/o Activation Maneuver), Rigidity (w/ 
Activation Maneuver), Range of Motion, Difficulty of Achieving Range of 
Motion 
 
Rigidity, Left Lower Limb – The Clinician manually articulates Subject’s joints on their 
left lower limb. 
- Initiation Frame: First visible movement of the left lower limb clearly caused by 
the Clinician through physical contact, including when the point of contact is out 
of view. 
- Termination Frame: Last visible movement of the left lower limb clearly caused 
by the Clinician, or when the Clinician is no longer touching Subject’s left lower 
limb, whichever comes first. 
- MDS-UPDRS Instruction Criteria: Subject in relaxed position, Clinician slowly 
manipulates Left Hip and Knee joints, Clinician does not manipulate other limbs 
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or neck, Subject allows passive movement of LLE, [Subject performs Activation 
Maneuver] 
- MDS-UPDRS Rating Criteria: Rigidity (w/o Activation Maneuver), Rigidity (w/ 
Activation Maneuver), Range of Motion, Difficulty of Achieving Range of 
Motion 
 
Finger Tapping, Right Hand – Subject taps tips of their right index finger and right 
thumb together in rapid succession. 
- Initiation Frame: First visible movement of the right index finger or right thumb 
of the first tap of the series. 
- Termination Frame: Last visible movement of the right index finger or right 
thumb of the last tap in the series. 
- MDS-UPDRS Instruction Criteria: Subject taps right index finger against right 
thumb, Subject performs 10 taps, Subject taps as quickly as possible, Subject taps 
as big as possible, Subject does not tap fingers on left hand 
- MDS-UPDRS Rating Criteria: Speed, Slowing, Amplitude, Decrementing 
Amplitude, Number/timing of Hesitations, Number/timing of Halts, Freezes 
 
Finger Tapping, Left Hand – Subject taps tips of their left index finger and left thumb 
together in rapid succession. 
- Initiation Frame: First visible movement of the left index finger or left thumb of 
the first tap of the series. 
- Termination Frame: Last visible movement of the left index finger or left thumb 
of the last tap in the series. 
- MDS-UPDRS Instruction Criteria: Subject taps left index finger against left 
thumb, Subject performs 10 taps, Subject taps as quickly as possible, Subject taps 
as big as possible, Subject does not tap fingers on right hand 
- MDS-UPDRS Rating Criteria: Speed, Slowing, Amplitude, Decrementing 
Amplitude, Number/timing of Hesitations, Number/timing of Halts, Freezes 
 
Fist Open and Close, Right Hand – Subject flexes their right fingers as fully as possible 
to form a fist, then extends (“fist-open”) and flexes (“fist-close”) their right fingers as 
fully as possible in rapid succession.    
- Initiation Frame: First visible extension or flexion of any of the right fingers as 
part of the first fist-open or fist-close of the series. 
- Termination Frame: Last visible extension or flexion of any of the right fingers as 
part of the last fist-open or fist-close of the series. 
- MDS-UPDRS Instruction Criteria: Subject has right forearm flexed, Subject's 
right palm is facing the Clinician, Subject makes a fist with right hand, Subject 
opens and closes right hand, Subject opens right hand as quickly as possible, 
Subject opens right hand as fully as possible, Subject performs 10 open/closes, 
Subject does not open/close left hand [If Subject does not open fist quickly/fully, 
Clinician reminds Subject to do so] 
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- MDS-UPDRS Rating Criteria: Speed, Slowing, Amplitude, Decrementing 
Amplitude, Number/timing of Hesitations, Number/timing of Halts, Freezes 
 
Fist Open and Close, Left Hand – Subject flexes their left fingers as fully as possible to 
form a fist, then extends (“fist-open”) and flexes (“fist-close”) their left fingers as fully as 
possible in rapid succession.    
- Initiation Frame: First visible extension or flexion of any of the left fingers as part 
of the first fist-open or fist-close of the series. 
- Termination Frame: Last visible extension or flexion of any of the left fingers as 
part of the last fist-open or fist-close of the series. 
- MDS-UPDRS Instruction Criteria: Subject has left forearm flexed, Subject's left 
palm is facing the Clinician, Subject makes a fist with left hand, Subject opens 
and closes left hand, Subject opens left hand as quickly as possible, Subject opens 
left hand as fully as possible, Subject performs 10 open/closes, Subject does not 
open/close right hand [If Subject does not open fist quickly/fully, Clinician 
reminds Subject to do so] 
- MDS-UPDRS Rating Criteria: Speed, Slowing, Amplitude, Decrementing 
Amplitude, Number/timing of Hesitations, Number/timing of Halts, Freezes 
 
Pronation and Supination, Right Hand – Subject flexes their right arm with fingers 
extended and with forearm extended and pronated; Subject then alternates between 
laterally rotating their right forearm until the palm is facing up (“supination”) and 
medially rotating their right forearm until the palm is facing down (“pronation”) in rapid 
succession.  
- Initiation Frame: First visible rotation of the right forearm as part of the first 
pronation or supination of the series. 
- Termination Frame: Last visible rotation of the right forearm as part of the last 
pronation or supination of the series. 
- MDS-UPDRS Instruction Criteria: Subject has right arm (and right forearm) 
extended in front of themselves, Subject begins with right palm facing downward, 
Subject turns their right palm up, Subject turns right palm down, Subject turns 
right palm up/down as fast as possible, Subject turns right palm up/down as fully 
as possible, Subject performs 10 up/down palm turns, Subject does not turn left 
palm up/down 
- MDS-UPDRS Rating Criteria: Speed, Slowing, Amplitude, Decrementing 
Amplitude, Number/timing of Hesitations, Number/timing of Halts, Freezes 
 
Pronation and Supination, Left Hand – Subject flexes their left arm with fingers 
extended and with forearm extended and pronated; Subject then alternates between 
laterally rotating their left forearm until the palm is facing up (“supination”) and medially 
rotating their left forearm until the palm is facing down (“pronation”) in rapid 
succession.  
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- Initiation Frame: First visible rotation of the left forearm as part of the first 
pronation or supination of the series. 
- Termination Frame: Last visible rotation of the left forearm as part of the last 
pronation or supination of the series. 
- MDS-UPDRS Instruction Criteria: Subject has left arm (and left forearm) 
extended in front of themselves, Subject begins with left palm facing downward, 
Subject turns their left palm up, Subject turns left palm down, Subject turns left 
palm up/down as fast as possible, Subject turns left palm up/down as fully as 
possible, Subject performs 10 up/down palm turns, Subject does not turn right 
palm up/down 
- MDS-UPDRS Rating Criteria: Speed, Slowing, Amplitude, Decrementing 
Amplitude, Number/timing of Hesitations, Number/timing of Halts, Freezes 
 
Toe Tapping, Right Foot – Subject is Sitting with their right foot on the ground; Subject 
then lifts their right toes (dorsiflexion) and taps them back onto the ground 
(plantarflexion) in rapid succession. 
- Initiation Frame: First visible dorsiflexion of the right foot as part of the first toe 
tap of the series. 
- Termination Frame: Last visible plantar- or dorsiflexion of the right foot as part of 
the last toe tap of the series. 
- MDS-UPDRS Instruction Criteria: Subject is sitting, Subject is in a straight-
backed chair with arms, Subject has both feet on the floor, Subject places right 
heel on the ground in a comfortable position, (Subject raises right toes off the 
ground), Subject taps right toes on the ground, Subject taps right toes as fast as 
possible, Subject taps right toes as big as possible, Subject taps right toes 10 
times, Subject does not tap left toes 
- MDS-UPDRS Rating Criteria: Speed, Slowing, Amplitude, Decrementing 
Amplitude, Number/timing of Hesitations, Number/timing of Halts, Freezes 
 
Toe Tapping, Left Foot – Subject is Sitting with their left foot on the ground; Subject 
then lifts their left toes (dorsiflexion) and taps them back onto the ground (plantarflexion) 
in rapid succession. 
- Initiation Frame: First visible dorsiflexion of the left foot as part of the first toe 
tap of the series. 
- Termination Frame: Last visible plantar- or dorsiflexion of the left foot as part of 
the last toe tap of the series. 
- MDS-UPDRS Instruction Criteria: Subject is sitting, Subject is in a straight-
backed chair with arms, Subject has both feet on the floor, Subject places left heel 
on the ground in a comfortable position, (Subject raises left toes off the ground), 
Subject taps left toes on the ground, Subject taps left toes as fast as possible, 
Subject taps left toes as big as possible, Subject taps left toes 10 times, Subject 
does not tap right toes 
 46 
- MDS-UPDRS Rating Criteria: Speed, Slowing, Amplitude, Decrementing 
Amplitude, Number/timing of Hesitations, Number/timing of Halts, Freezes 
 
Stomping, Right Foot – Subject is Sitting with their right foot on the ground; Subject 
then lifts their right foot off the ground and stomps it back onto the ground in rapid 
succession. 
- Initiation Frame: First visible movement directly related to lifting the right foot, 
including flexion of the right thigh, flexion of the right leg, movement of the right 
foot, or any other movement clearly connected to the preparation and/or execution 
of the first foot stomp of the series. 
- Termination Frame: Last visible movement of the right lower limb as part of the 
last foot stomp of the series. 
- MDS-UPDRS Instruction Criteria: Subject is sitting, Subject is in a straight-
backed chair with arms, Subject has both feet comfortably on the floor, Subject 
places right foot on the ground in a comfortable position, Subject raises right foot 
off the ground, Subject stomps right foot on the ground, Subject stomps (raises) 
right foot as high as possible, Subject stomps right foot as fast as possible, Subject 
stomps right foot 10 times, Subject does not stomp left foot 
- MDS-UPDRS Rating Criteria: Speed, Slowing, Amplitude, Decrementing 
Amplitude, Number/timing of Hesitations, Number/timing of Halts, Freezes 
 
Stomping, Left Foot – Subject is Sitting with their left foot on the ground; Subject then 
lifts their left foot off the ground and stomps it back onto the ground in rapid succession. 
- Initiation Frame: First visible movement directly related to lifting the left foot, 
including flexion of the left thigh, flexion of the left leg, movement of the left 
foot, or any other movement clearly connected to the preparation and/or execution 
of the first foot stomp of the series. 
- Termination Frame: Last visible movement of the left lower limb as part of the 
last foot stomp of the series. 
- MDS-UPDRS Instruction Criteria: Subject is sitting, Subject is in a straight-
backed chair with arms, Subject has both feet comfortably on the floor, Subject 
places left foot on the ground in a comfortable position, Subject raises left foot off 
the ground, Subject stomps left foot on the ground, Subject stomps (raises) left 
foot as high as possible, Subject stomps left foot as fast as possible, Subject 
stomps left foot 10 times, Subject does not stomp right foot 
- MDS-UPDRS Rating Criteria: Speed, Slowing, Amplitude, Decrementing 
Amplitude, Number/timing of Hesitations, Number/timing of Halts, Freezes 
 
Postural Tremor, Right and Left Hands – Subject flexes their arm with fingers 
extended and abducted and with forearm extended and pronated, then maintains this 
position. 
- Initiation Frame: First frame where Subject meets all criteria and is not 
intentionally moving their upper limb; this does not include unintentional motion 
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(e.g. tremor, sway, shaking, etc.) or minor intentional movements performed to 
maintain this position (e.g. flexing the arm to compensate for drop, etc.). 
- Termination Frame: Last frame Subject meets all criteria, or the last frame before 
Subject makes an intentional movement of the upper limb not related to 
maintaining its position. 
- MDS-UPDRS Instruction Criteria: Subject has arm stretched in front of their 
body, Subject's arm is palm down, Subject's wrist is straight, Subject's fingers are 
comfortably separated without touching, Subject maintains behavior for 10 
seconds 
- MDS-UPDRS Rating Criteria: Presence of Tremor (including Re-Emergent Rest 
Tremor), Amplitude of Tremor 
 
Kinetic Tremor, Right Hand – The Clinician stands in front of Subject with a single 
raised finger within Subject’s reaching distance; Subject then alternates between touching 
the Clinician’s finger and their own nose using a finger from their right hand. The 
Clinician may use an object instead of their finger. 
- Initiation Frame: First frame with visible movement of Subject’s right upper limb 
directly related to and continuous with the action of reaching to touch their nose 
or the Clinician’s finger. 
- Termination Frame: Last frame where Subject is touching their nose or the 
Clinician’s finger during the last nose-touch or finger-touch of the series. 
- MDS-UPDRS Instruction Criteria: Subject has right arm outstretched, Subject 
performs the finger-to-nose maneuver, [Subject touches Clinician's finger with 
their right finger], [Subject touches their nose with their right finger], Subject's 
right arm is as outstretched as possible when touching Clinician's finger, Subject 
performs finger-to-nose maneuver slowly enough to not hide tremor, Subject 
repeats finger-to-nose maneuver at least three times, Subject does not perform 
finger-to-nose maneuver with their left arm 
- MDS-UPDRS Rating Criteria: Presence of Tremor, Amplitude of Tremor 
 
Kinetic Tremor, Left Hand – The Clinician stands in front of Subject with a single 
raised finger within Subject’s reaching distance; Subject then alternates between touching 
the Clinician’s finger and their own nose using a finger from their left hand. The 
Clinician may use an object instead of their finger. 
- Initiation Frame: First frame with visible movement of Subject’s left upper limb 
directly related to and continuous with the action of reaching to touch their nose 
or the Clinician’s finger. 
- Termination Frame: Last frame where Subject is touching their nose or the 
Clinician’s finger during the last nose-touch or finger-touch of the series. 
- MDS-UPDRS Instruction Criteria: Subject has left arm outstretched, Subject 
performs the finger-to-nose maneuver, [Subject touches Clinician's finger with 
their left finger], [Subject touches their nose with their left finger], Subject's left 
arm is as outstretched as possible when touching Clinician's finger, Subject 
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performs finger-to-nose maneuver slowly enough to not hide tremor, Subject 
repeats finger-to-nose maneuver at least three times, Subject does not perform 
finger-to-nose maneuver with their right arm 







Sit-to-Stand – Subject starts Sitting and attempts to Stand in one continuous action. 
- Initiation Frame: Subject makes an intentional movement related to the 
Transition, including extension of the legs, repositioning of the hands and/or feet, 
flexion or extension of the torso, extension of the hip, or any other movement 
clearly connected to the preparation and/or execution of the Transition. 
- Termination Frame: Last frame before Subject meets criteria for a PGT behavior, 
or last visible movement continuous with the Transition, whichever occurs first. 
 
Stand-to-Sit – Subject starts Standing and attempts to Sit in one continuous action. 
- Initiation Frame: Subject makes an intentional movement related to the 
Transition, including flexion of the legs, repositioning of the hands and/or feet, 
flexion of the torso, flexion of the hip, or any other movement clearly connected 
to the preparation and/or execution of the Transition. 
- Termination Frame: Last frame before Subject meets criteria for a PGT behavior, 
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